ABSTRACT: Leaf appearance in small cereals is the result of leaf primordium initiation and leaf primordium extension. Final leaf number (FLN) on main stem is determined by the number of primordia initiated up to the beginning of floral transition. The aim of this study was to determine the effect of growing season and cultivar on FLN in winter barley. Twelve cultivars differing in origin and time of anthesis (early, medium and late) were tested during six growing seasons (GS), from 2002/03 to 2007/08. FLN across cultivars and GSs was 13.5. The highest FLN across GSs was in the late, six-rowed barley cultivar Kredit (14.7) and the lowest in the early, two-rowed barley cultivar Novosadski 581 (11.3). In regard to earliness, the lowest FLN was in the early groups of cultivars (12.9) and the highest in the late ones (13.9). The tested cultivars showed significant variability in FLN, which can be used for selecting most adaptable genotypes for specific growing conditions.
INTRODUCTION
The life cycle of cereals is divided into two main periods, period until anthesis and grain filling period. Period until anthesis can be divided into three phases: leaf initiation (vegetative phase), spikelet initiation (early reproductive phase) and spike growth (late reproductive phase) (S l a f e r and W hi t e c h u r c h , 2001). Leaf appearance in small cereals is the result of leaf primordium initiation and leaf primordium extension. In normal growing conditions, both processes are mainly controlled by temperature (M c M a s t e r , 2005). The final number of initiated leaf primordia is proportional to the time from sowing to double ridge (R o b e r t s o n et al., 1996) . At the time of seed-ling emergence, the shoot apex has five to seven leaf primordia and this is considered to be the range in minimum final leaf number per wheat plant (R o b e r t s o n et al., 1996) .
Final leaf number (FLN) is determined by the number of primordia initiated up to the beginning of floral transition. K i r b y (1992) showed that sowing date and location have an effect on the variability of the number of leaves produced by winter wheat. That variation can be explained, in part, by differences in exposure to low temperature during the phase when leaf primordia are being initiated. FLN depends upon the rate and duration of leaf initiation. The vernalization response is important for fitting the plant life cycle to the environment in which it is grown, so that it can make the best use of the seasonal opportunities for growth and avoid adverse climatic factors. The major effect of vernalization is to shorten the duration of the phase of leaf primordia production (G r i f f i t h s et al., 1985) . Air temperature is the main factor affecting leaf number and phyllochron (R i c k m a n and K l e p p e r , 1991).
Researchers have concentrated on understanding how environmental factors, first of all temperature and photoperiod and then water and nutrition, affect the FLN. Only a few studies have evaluated cultivar effect on the FLN. In this research, we studied the effect of cultivar and year on FLN of winter barley.
MATERIAL AND METHODS
Cultivars and crop management. Twelve barley cultivars (Kompolti-4, Skorohod, Novosadski 525, Novosadski 581, Plaisant, Gotic, Sonate, Boreale, Novator, Kredit, Monaco and Cordoba) which differed in origin, pedigree and agronomic traits were used in this study. To determine the FLN on the main stem, recording was done according to the Haun scale (Haun, 1973) on three tagged plants in each replication. FLN was determined as the number of leaves on the main stem, including the flag leaf. GDD for leaf number development was calculated as Tn=[(T 7 +T 14 +2T 21 )]/4, where T 7 , T 14 , and T 21 were temperatures at 7 AM, 2 PM and 9 PM, respectively (P r ž u l j , 2001). Base temperature was 0° C.
Statistics. All data were subjected to the analysis of variance using Statistica 9.0 (StatSoft, Tulsa, OK, USA). Barley cultivars and GS were supposed to be fixed factors. When differences among earliness groups (early, medium early, late), duration of developmental phases and agronomic traits were tested, four cultivars from each group were considered as replication for detection of developmental phases. Broad-sense heritabili-ties were estimated using the variance components from ANOVA, as follows: h 2 =V G /V F .
RESULTS AND DISCUSSION
Phenological development and phyllochron of small cereals result from genetics and numerous environmental factors (M c M a s t e r, 2005). In our study, FLN was controlled by cultivar, year and their interaction (Tab. 1). Year exhibited the highest contribution to FLN variation, about 74%. It means that the tested cultivars were genetically similar in leaf number. Low value of interaction showed stability of leaf number from year to year. Considered across the GSs, the early cultivar Novosadski 581 had the lowest and the late cultivar Kredit the highest FLN (Tab. 2). In the cultivar Novosadski 581, early maturity was due to a reduction in FLN. J u s k i e w et al. (2003) found that, in spring barley, earliness was due to accelerated postanthesis growth rather than reduction in leaf number and phyllochron. Even though the cultivar x year effect on FLN was significant and participated in total variation with 7.2% (Tab. 1), the FLN variability due to interaction cultivar x year was rather small (Tab. 2).
Although differences in FLN were observed among the cultivars (Tab. 1, 2) they could not be ranked according to their FLN. For example, the early cultivar Kompolti-4 had one of the highest FLNs in 2002/03 GS and one of the lowest in 2005/06 GS (Tab. 2). The average FLN for the barley main stem was 13.5.
Across GSs and maturity classes, the early maturity group was the fastest in completing the FLN (Fig. 1I) . The relationship between GDD requirement and FLN per main stem fitted the best the quadratic equation, with R 2 >0.99. Also, quadratic equation was the most fitting for the relationship between leaf number development across cultivars in the same maturity group and GS, with R 2 >0.97 (Fig. 1, II) . E -early, M -medium, L -late, 2R -two-rowed, 6R -six-rowed
In our investigation, the FLN was positively correlated with GDD accumulated until flag leaf completion, while the effect of precipitation was less important (Tab. 3). GDD -growing degree days, E -emergence, DR -double ridge, J -jointing *, ** -significant at the 0.05 and 0.01 levels, respectively
When difference among earliness groups was tested, i.e. four cultivars from each group were considered as replication, FLN was under control of maturity classes and years (Tab. 4). The interaction maturity class x year was not statistically significant (Tab. 4), i.e., the early cultivars usually have the lowest FLN and the late ones the highest FLN (Tab. 5). Across the studied GSs, the early cultivars had 12.9, medium early 13.5, and late 13.9 main stem leaves (Tab. 5). The identification of genetic variability of leaf area is a crucial step in plant breeding. (R o y o et al., 2004) . This is particularly important in species with a narrow genetic background, which may be a result of the selection pressure applied in breeding programs. Understanding of how changes in photosynthetic area may be affected by environmental conditions -particularly drought stress under field conditions -could provide a basis for developing superior high yielding varieties. Genotype by environment interactions should be taken into account to determine the optimum breeding strategy in a target environment. Since FLN is mainly defined by interaction between cultivar and growing conditions, the choice of appropriate cultivar for certain growing conditions is an important task for barley growers. The time of anthesis is an important physiological trait as a criterion of selection in barley breeding. Anthesis can be presented as a function of the leaf number produced by the main stem. Most of the environmental and genetic variation from seedling emergence to anthesis results from variation in the number of leaves produced by the main stem (He et al., 2011) . Although variation in FLN was mainly affected by growing conditions, heritability for FLN was high in our study. Also, the early maturing cultivars had lower and late maturing cultivars had higher FLN on the main stem.
CONCLUSION
The average FLN on the main stem of winter barley grown under the conditions of the Pannonian Plain was 13.5. The early cultivars had one leaf less than the late cultivars. Although non-genetic factors were important in FLN, variation in FLN was rather a conservative trait, the early maturing cultivars having low and the late maturing cultivars high FLNs.
